I. INTRODUCTION
The relationships between inflation, real output growth and their volatility components have long been perceived in the economics literature as a special research area based mainly on empirical findings. Testing the causality between these aggregates enables us to attain the significant knowledge of whether or not inflation and its associated volatility tend to have some potential negative effects on the growth process of the economy. As was pronounced by Friedman (1977) in his Nobel Lecture, high inflation rate would not likely to be steady especially during the transition decades subject to new institutional arrangements to which firms in the economy try to adapt, and the higher the inflation rate the more variable it is likely to be, since it distorts relative prices and financial contracts which have been adjusted to a long-term "normal" price level. This in turn lowers investment and output growth as well as increases unemployment and political unrest leading the society to be polarized. Thus this issue is also directly related to the course of the real output in the economy, because in an inflationary period some real costs would be accrued due to the distorting price stability, changing expectations and uncertain policy behavior of monetary authorities.
The initial stage of this transmission mechanism, resulted from unexpected variations in the course of the inflation, relates itself to the extent of the information content of inflation uncertainty. Beginning by the earlier analysis of Okun (1971) which found a positive correlation between inflation and inflation uncertainty, many researchers have tried to reveal the direction of preceding relationships between inflation and its uncertainty, and some authors in this sense have yielded pioneering essays upon which the following papers in the economics literature were based. In this sense, Ball and Cecchetti (1990) find that inflation has really significant effects on its uncertainty at long horizons which cause substantial costs due to the increased risks for individuals who have nominal contracts between themselves, and these effects would be resulted in a variation in policy behavior reacting to inflation by also destabilizing output growth. Furthermore, Ball (1992) employing an asymmetric game perspective between monetary authorities and the decision making process of the economic agents formalizes the view of Friedman in the sense that low levels of inflation coincides with the policy behavior of monetary authorities to keep inflation at these levels that give rise to low inflation uncertainty, as well. However, the public tend to be more uncertain the higher the level and variability of inflation as to when policy makers decide to implement a stabilization policy to fight inflation. In this case, an information problem stemmed from activating policy would be the length of the time lags which delay policy makers in achieving purposes consistent with a priori expectations.
An alternative approach comes from Cukierman and Meltzer (1986) and Cukierman (1992) relating mainly inflation uncertainty to the course of inflation. Since governments have different objectives determined stochastically over time that lead to a trade-off between expanding output by making monetary surprises and keeping inflation at low levels, choices of policy makers in favor of creating monetary surprises to stimulate economic growth would likely to be resulted in higher money growth rates and inflation than the estimates of economic agents using some form of adaptive expectations. Given that the money supply process is assumed to be random due to the imprecise monetary control mechanism which causes that policy makers may not choose the most appropriate policy instrument as a monetary control variable, these assumptions explicitly imply that the larger the uncertainty about monetary policy and inflation due to the opportunistic central bank behavior, the larger the actual inflation experienced by the public (Nas and Perry, 2000) .
When we consider the potential relationships between output growth, inflation and their volatility components, earlier beliefs in economics literature which were put forward, for instance, by Mundell (1963) and Tobin (1965) emphasize the process of capital accumulation resulted mainly from portfolio shifts away from real balances into capital as the rate of return on money falls. However, unlike these conventional proposals assuming a positive relationship between inflation and output growth, the recent literature generally support the view that real economic growth is likely to be affected by inflation and its uncertainty in a negative way. Following Briault (1995) , briefly to say, uncertainties about future price levels and inflation tend to distort resource allocation through changing attractiveness between real and nominal assets. Such a case discourages people from entering into long-term monetary contracts which are able to provide some assurance in business plans. This process would even lead to an ever-increasing risk-premium resulted in higher real costs of funds for borrowers, with a misallocation of capital due to the different expectations of savers and investors as to what will in fact be the ex-ante real rate of interest in the future. Thus if we relate these to the Friedman (1977) , expectations for higher inflation uncertainty will distort the effectiveness of price mechanism in allocating resources with a negative output effect.
For the inflation effects of growth uncertainty, Devereux (1989) which examines the relationships between real and nominal shocks, optimal degree of inflation and the subsequent output and employment effects of creating inflation surprise predicts that increased growth uncertainty would tend to raise average inflation. Using a Barro and Gordon (1983) type model, the author indicates that the lower the uncertainty on real output the lower the optimal degree of private wage indexation, which enables policy makers to create a surprise inflation in raising real output level. Black (1987) also argues in a study upon business cycles that an increase in uncertainty for the output component can raise output growth, since attempts to undertake more risky investment and to use new technology can be resulted in output growth.
This issue is of more importance especially for the case of developed countries which have specialized markets allowing firms to employ more risky and advanced technologies.
In this paper, the empirical validity of these competing approaches has been tested for the Turkish economy. To this end, system-based generalized autoregressive conditional heteroskedasticity (GARCH) modeling are used, and then some tests are carried out to reveal the causality issues between these aggregates. The next section reports some knowledge of the related literature. The third section introduces data and discusses methodology used in the paper. The fourth section presents estimates for the whole investigation period and the fifth section conducts some sensitivity analysis. The last section summarizes results.
II. LITERATURE REVIEW
There exists a large literature on the relationships between inflation, output growth and associated volatility relationships. Holland (1995) using the postwar US data estimates that an increase in the rate of inflation precedes, that is, Granger-causes an increase in inflation uncertainty. Such a finding would also mean that higher inflation uncertainty is part of the welfare cost of inflation since high rate of inflation would be resulted in an increasing uncertainty about future monetary policy and may lead to further uncertainty about future inflation. Grier and Perry (1998) approach the same relationship for the G7 countries between 1948 and 1993 and find that in all countries inflation significantly raises inflation uncertainty, however, increased inflation uncertainty lowers inflation in the US, UK and Germany and raises inflation in Japan and France. Fountas (2001) using the UK data over a century provides strong evidence in favor of the hypothesis that inflationary periods are associated with high inflation uncertainty. Likewise, Kontonikas (2004) using the UK data for the 1972 2002 period supports Friedman (1977) and estimates a positive relationship between past inflation and uncertainty about future inflation. When the indirect effects of lower average inflation are controlled, the author estimates that adoption of an explicit target eliminates inflation persistence and reduces uncertainty.
As to the inflation, growth and uncertainty relationship, some authors such as De Gregorio (1992) for the Latin America countries, Rudebusch and Wilcox (1994) and Sbordone and Kuttner (1994) for the US economy examine the relationships between inflation and growth or its productivity and give some support to the negative effects of inflationary framework on the growth. Al-Marhubi (1998) that examines cross-country evidence on the link between inflation volatility and growth shows that countries with higher inflation volatility tend to have a lower mean growth. Hayford (2000) finds that increasing inflation uncertainty leads to temporarily slower output growth. Likewise, Grier and Perry (2000) verify that an increase in the conditional variance of inflation significantly lowers average output as argued by Friedman (1977) . Fountas et al. (2002) try to analyse bidirectional causal relationships between average inflation and real growth, on the one hand, and nominal and real uncertainty on the other hand for Japan. Their estimation results show that a higher rate of inflation and more inflation uncertainty lead to lower output growth so that a price stability objective should be followed by the authorities. Using data from the Japanese economy, Wilson (2006) finds that increased inflation uncertainty is associated with higher average inflation and lower average growth and that increased growth uncertainty is associated with higher average inflation but unrelated to average growth. Artan (2006) also yields a comprehensive empirical paper for the inflation and growth relationship employing data taken from 23 developed and 40 developing economies, and in the light of contemporaneous crosssectional and panel data analysis, the author gives strong support to the inference that for both developed and developing countries inflation tends to influence growth in a negative way.
When papers from some recent literature upon the Turkish economy have been examined, findings in general support international evidence. Nas and Perry (2000) find that increased inflation significantly raises inflation uncertainty, but the effect of inflation uncertainty on average inflation is found mix and sensitive to the selection of sub-periods for investigation. Based on some causality tests, the authors infer that stabilizing policy behaviour seems to prevail in a long-run perspective while opportunistic behaviour for policy makers dominates in the short-run. Neyaptı and Kaya (2001) estimate that inflation and its uncertainty have a significant positive correlation, and provide further evidence in support of Friedman's hypothesis that inflation leads to more uncertainty. Telatar and Telatar (2003) examine the relationship between inflation and different sources of inflation uncertainty, and find that there is a causative influence of inflation on its uncertainty. Telatar (2003) testing the causality relationship between inflation, inflation uncertainty and political uncertainty gives further evidence to the causative influence of inflation on its uncertainty. Akyazı and Artan (2004) give supportive results to the Friedman-Ball hypothesis and find a uni-directional causality running from inflation to inflation uncertainty. Likewise, Özer and Türkyılmaz (2005) find that inflation causes inflation uncertainty. In a recent paper, Özdemir and Fisunoğlu (2008) estimate that an increase in inflation raises its uncertainty, but there seems to be weak evidence for the effect of inflation uncertainty on the inflation. For the inflationgrowth relationship, Karaca (2003) finds a uni-directional causality from inflation to growth and observes that inflation affects growth negatively. Berument et al. (2008) support such a finding and show that there is a negative relationship between inflation and growth in Turkey.
III. DATA AND METHODOLOGY
The data used consider 261 monthly frequency observations for the investigation rates inside the investigation period. A short glance to the figure reveals that at some dates, inflation rates have been subject to one-time jump above the two digits levels. digits. The mean and median of monthly inflation lie within the range of 3.4% and 3.1% and inflation data have a high standard deviation that reflects the high volatility in the time series, as well. However, in Tab. 2 we see that the standard deviation of output growth is nearly twotimes larger than that of inflation, and this brings out how real output data have been volatile within the Turkish economy. From the descriptive statistics, we can observe that monthly inflation and growth data are biased to the right and have a right tail and that the distribution of both series are peaked relative to the normal. Supporting these findings, a significant departure from normality can be observed. These results mean that the large and significant autocorrelations of the 1 st and 12 th order and the significant departure from normality provide evidence in favor of the ARCH effects. Note also that for the inflation series the augmented Dickey-Fuller (1981) tests yield a test statistic -0.97 and -9.76 for only constant and constant&trend terms in the test equation, respectively. Thus the data seem to be trendstationary. For the growth data, the relevant test statistics are -17.43 and -17.40, respectively.
Following the seminal paper of Engle (1982) , autoregressive conditional heteroskedastic (ARCH) models and their extended version proposed by Bollerslev (1986) as generalized ARCH models have become highly popular to model the conditional volatility in high frequency financial and economic time series. The use of a GARCH-type model would enable us to estimate time-varying measures of inflation uncertainty, and this will be appropriate for an empirical attempt aiming at directly testing the implications of the hypotheses summarized in the former sections. Bolleslev (1990) extends univariate GARCH model to bivariate GARCH models and considers time-varying conditional variance and covariance with a constant conditional correlation, so that all the variations over time in the conditional variances are allowed to take place due only to changes in each of the conditional variances, leading the researcher to a reduction in the number of parameters to be optimized.
Let us first consider a bivariate two-equation system:
where c 0 and d 0 are the relevant constant terms estimated for the inflation and output growth equations, respectively. ε t is the residual vector ,, 
To calculate the maximum likelihood estimates of the parameters, the system of equations is solved by employing Berndt et al. (1974) numerical optimization (BHHH) algorithm so that the asymptotic covariance matrix of the coefficients will be consistent. Considering a large sample with 261 observations, the estimation results should be asymptotically accurate.
To the best of my knowledge, even though there exist many papers employing system-GARCH methodology upon this issue of interest in the contemporaneous international economics literature, e.g. Grier and Perry (2000) , Fountas et al. (2002) and Wilson (2006) between many others, there is no paper using such a system-based autoregressive conditional heteroskedasticity approach with data taken from the Turkish economy. Hence, we try to simultaneously extract the knowledge of conditional means, variances and covariances of inflation and growth, and then implement bivariate causality tests using these estimates.
4.CONDITIONAL VOLATILITY ESTIMATES and CAUSALITY
Following the preliminary data issues and methodological discussions, system of equations examined above has been estimated through system-GARCH method. The autoregressive (AR) order of mean equations is determined by way of minimizing the Akaike model selection information criterion (AIC), so various models including different lag structures have been estimated. Beginning from the maximum lag selection 12, the true data generating process has been searched for and an AR(12) specification with the smallest estimated statistic has been determined as the chosen model. Thus, the results in this paper come from the bivariate AR(12) -conditional constant correlation (ccc) -GARCH(1,1) model using BHHH optimization algorithm. For the conditonal distribution of the error structure, multivariate normal (Gaussian) or multivariate student-t distributions can be used in empirical analyses. The normality assumption is adopted in this paper such as Wilson (2006) .
Standard errors are presented in parentheses.
In Tab The bivariate system-GARCH model has also been estimated briefly with an alternative method of the conditional covariance matrix for comparion. For this purpose, the diagonal-vec (dvec) model of Bollerslev et al. (1988) 
The null hypothesis of Granger causality between inflation and inflation uncertainty cannot be rejected mutually in a strong way at the 0.01 level. Thus both Friedman-Ball and Cukierman-Meltzer hypotheses can be supported, that is to say briefly, inflation Grangercauses inflation uncertainty and also inflation uncertainty precedes the course of inflation in a positive way. For the output growth and associated uncertainty relationship, the results reveal that the larger the output growth the lower the output growth uncertainty in a statistically significant way. This also means that it is necessary to provide sustainable growth rates so as to decrease uncertainties related to the aggregate level of real economic activity. Such an inference is confirmed by the estimation result that the larger output growth uncertainty would lead to the lower output growth especially for small lag selections chosen for the temporal ordering of the causality analysis. However being estimated highly sensitive to the lag selections used, it is also found some weak form of evidence that an increase in inflation uncertainty lowers output growth and that an increase in the latter lowers the former. No statistically significant causal relationship has been observed between output growth uncertainty and inflation and between output growth and inflation. Finally, we can observe that an increase in output growth uncertainty is likely to lead to more inflation uncertainty the larger the autoregressive framework of the causality analysis.
ROBUSTNESS CHECK
Having examined the whole period characteristics of the data in an empirical way, some sensitivity analysis may be required since considerable policy changes such as variations in monetary policy strategies, exchange rate framework and operational characteristics of fiscal policy were implemented within our estimation period for the Turkish economy, and all these can lead us to obtain unhealthy results in the absence of a sub-sample analysis.
2 In the light of this consideration, we now check out whether our results obtained for the whole period of 1987M01 2008M09 are valid for the sub-period of the free-floating exchange rate system that the Turkish economy has recently been witnessed. Thus some sensitivity analyses have been conducted for the causal relationships examined in this paper.
Of course, many other sub-periods can also be identified for the Turkish economy due to the unstable characteristics experienced with respect to the different aspects of the economy. On 
___________________________________________________________________________
Following the whole period analysis, the normality assumption is also used for the conditional distribution of the error structure. Standard errors are given in parentheses. The results of the system-GARCH model and the relevant Granger-causality analyses are reported in Tab. 7 and Tab. 8.
In Tab. 7, the conditional mean and variance equations for inflation and output growth are reported. As a difference from the whole period analysis, we can observe that the knowledge from the variance equation have a statistical significance only for the inflation equation. The coefficient of conditional correlation coefficient implies that, as is in the whole period analysis, the residual covariance between inflation and output growth equation is statistically insignificant. As can be seen in Tab * Q-satistics and adjusted Q-statistics with a small sample correction refer to the computed Box-Pierce / LjungBox Q-statistic for residual serial correlation up to the specified order. df is degrees of freedom for (approximate) chi-square distribution.
Since the main interest area in this paper is to examine the causality issues between inflation, output and their volatilities, some Granger-causality tests have also been (2000) and Fountas et al. (2002) , a possible explanation of this finding can be expressed such that in the light of the past experiments, if increasing uncertainty has been perceived by the policy makers so much detrimental that leads to real costs, this can direct policy makers to applying to a tight monetary policy stabilization attempts to lower average inflation, so that they are more likely to achieve their commitment to long-run price stability. Supporting the results of the whole period, it is found that the larger output growth would precede the lower output growth uncertainty with a negative causal relationship, and these results again verify the need of sustainable growth rates to decrease the uncertainties on real economic activity. We can also observe that the real output growth seems to be a Granger-cause to the inflation in a negative way, which means that the larger growth rates would lead to both lower inflation and inflation unceratinty for the period under investigation. Finally, a decrease in the output growth uncertainty coincides with the lower inflation and that the higher the growth uncertainty the higher the inflation uncertainty for the small lags chosen in a statistically significant way.
To sum up, these results mainly verify the suggestions of Friedman (1977) and Ball (1992) and indicate that stabilization policies aiming at reducing inflation would decrease both inflation and its conditional volatility, and in turn, the lower uncertainty for inflation that enables relatively more efficient functioning of the price system would signal more accurate foresights for economic agents as to the future course of the real economic activity. Such a causal transmission mechanism would also be resulted in a decrease in the uncertainty component of real output. Therefore we can infer that inside the period examined, had there not been chronic and high inflation rates witnessed by the Turkish economy, other things being equal, the larger growth rates could have been achieved by the policy makers.
6.CONCLUDING REMARKS
In this paper, the causal relationships between inflation, output growth and related uncertainty components have been re-examined by using data from the Turkish economy. For this purpose, some main approaches that explain possible transmission links between these aggregates have initially been documented. Then, empirical validity of these approaches have been tested in the light of some contemporaneous estimation techniques. Based on the system generalized autoregressive conditional heteroskedasticity (GARCH) methodology by which relevant conditional variance series for inflation and output growth uncertainty have been extracted, estimation results reveal that for the 1987M01 2008M09 investigation period with monthly frequency data, the mutual Granger causality between inflation and inflation uncertainty cannot be rejected. Supporting the suggestions of Friedman-Ball and CukiermanMeltzer hypotheses, the results verify that inflation is a Granger-cause to the inflation uncertainty and that inflation uncertainty precedes the course of inflation, as well. Both causalities tend to occur in a positive way. For the output growth and associated uncertainty relationship, the results show that the larger the output growth the lower the output growth uncertainty in a statistically significant way, which explicitly means that it is necessary to provide sustainable growth rates so as to decrease uncertainties related to the aggregate level of real economic activity. Some evidence have also been found in favor of that an increase in inflation uncertainty lowers output growth and that an increase in the latter lowers the former.
Finally, we observe that an increase in output growth uncertainty is likely to lead to more inflation uncertainty. Some sensitivity analyses have also been implemented for the recent 2001M01 2008M09 free-floating exchange rate period of the Turkish economy. The results verify, to a great extent, the inferences extracted for the whole period. As a difference, it is found a negative causal relationship from inflation uncertainty to inflation and this is attributed to the alteration in the trend course of the inflation leading to a greater volatility in inflation rates which coincides with the lower inflation experienced within the 2001M03
2008M09 sub-period. This might also reflect monetary stabilization attemts due to the fear of inflation in the light of past experiences. Besides, a positive causality running from output growth uncertainty to both inflation and inflation uncertainty is estimated.
All in all, the paper concludes that inside the investigation period considered, stabilization policies aiming at reducing inflation would decrease both inflation and its conditional volatility, and in turn, the lower uncertainty for inflation that enables relatively more efficient functioning of the price system would signal more accurate foresights for economic agents as to the future course of the real economic activity. The course of the real output growth rates mutually contributes to the disinflation period of the economy. In this 
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The paper concludes that stabilization policies aiming at reducing inflation decrease both inflation and its conditional volatility, and in turn, the lower uncertainty for inflation that enables relatively more efficient functioning of the price system tend to signal more accurate foresights for economic agents as to the future course of the real economic activity. The course of the real output growth rates mutually contributes to the disinflation period of the economy. Thus it is inferred that inside the period examined, had there not been chronic and high inflation rates witnessed by the Turkish economy, other things being equal, the larger growth rates could have been achieved by the policy makers.
